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Substttuted amino ketone compounds 

The present invention relates to sut)stituted amino Icetone compounds and salts 
thereof, hereinafter refened to as amino icetones, and to the use of the compounds 
for the preparation of a medicament for the In vivo inhibition of DP iV and/or DP iV- 
iiice eii2^es. 

The invention relates especially to the use of the compounds for the preparation of a 
medicament for the treatment of impaired glucose tolerance, glucosuria, 
hyperlij^daemla. metabolic acidosis, diabetes mellitus, diabetic neuropathy and 
nephropathy and of sequelae caused by diabetes mellitus in mammals, for tlie 
treatment of metaboiismnfelated hypertension and of cardiovascular sequelae 
caused by hypertension in mammals, for the prophylaxis or treatment of skin 
diseases and diseases of the mucosae, autoimmune diseases and inflammatory 
conditions, and for ttie treatment of psychosomatic, neuropsychlatric and depressive 
illnesses, such as anxiety, depression, sleep disoidere, chronic fatigue, 
schizophrenia, epilepsy, nuj^onal disordere, spasm and chronic pain. 

Dipeptidyl peptidase IV (DP IV) is a post-proiine (to a lesser eixtenH post-aianlne, 
pdst-s^ne or post-glydne) deaving serine protease found in various tissues of the 
body including kidney, liver, and intestine, where it removes dipeptldes from the 1^ 
tenninus of biologically active peptides with a high specificity when proline or alanine 
form the residues that are adjacent to the N-tenninal amino acid in tiieir sequence. 

Among the rare group of proline-spedfic proteases, DP iV was originally believed to 
be the only membrane-bound en^me specific for proline as the penultimate residue 
at the amino-temninus of the polypeptide chain. However, other molecules, even 
structurally non-homologous with the DP IV but bearing conesponding enzyme 
adMty. have been identified. DP IV-lilce enzymes, which are kientified so far, are 
e.g. fibroblast acQvatipn protein a. dipeptkiyl peptfcJase IV p, dipeptidyl 
aminopeptklase-iike protein, N-acetylated orlinked acidic dipeptidase. quiescent cell 
proline dipeptidase, dipeptidyl peptidase 11, athractin and dipeptidyl peptidase IV 
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related protein (DPP 8). DPL1 (DPX, DP6) and DPL2, and are described in the 
review articles by Sedo & Maiiic (Sedo & Maiiic, DIpeptidyi peptidase IV-illce 
moiecuies: homoiogous proteins or homoiogous activities? Biodiimioi et Biophysica 
Acta 2001. 36506: 1-10) and Abbott & Gondii (Abbott. CA. & Gorrell, M.D., The 
family of CD26/DP IV and related edopeptidases. In: Lxingner & Ansorge (ed.), 
Ectopeptidases. Kluwer Academic/Plenum Publishers, New York, 2002, pp. 171- 
195). 

Further DP IV-lll<e enzymes are disclosed in WO 01/19866, WO 02/34900 
and WO02/31134. WO 01/19866 discloses novel human dipeptidyl aminopeptidase 
8 (DPP8) with structural und functional similarities to DP IV and fibroblast activation 
protein (FAP). WO 02/34900 discloses a novel dipeptidyl peptidase 9 (DPP9) with 
significant homology to the amino add sequences of DP iV and DPPS. WO 
02/31134 discloses three DP IV-like enzymes, DPiRPI, DPRP2 and DPIRP3. 
Sequence analysis revealed that DPRP1 Is identical to DPPS as disclosed in WO 
01/19866, that DPRP2 Is identteal to DPP9 and that DPi^ is identical to KiAA1482 
as disclosed in WO 02/04610. 

Ukewlse, it has been found that DP IV is responsible for inactivating glucagon-like 
peptide-l (GLP-1) and glucose-dependent insuiinotropic peptide also known as 
gastr1o-inhtt)itory peptide (GIP). Since GU>-1 is a major stimulator of pancreatic 
insulin secretion and has direct beneficial effects on glucose disposal, in WO 
97/40832 and US 6.303.661 inhibition of DP IV and DP IV-like enzyme activity was 
shown to represent an attractive approach for treating non-insulin-dependent 
diabetes meilitus (NIDDM). 

The reduction of such DP IV and DP IV-like enzyme activify for cleaving sudh sut>- 
strates in vivo can serve to suppress undesirable enzyme activity effectively botii 
under laboratory conditions and in patholc^ical conditions of mammals. For 
example, Diabetes meliitus type 11 (also diabetes of old age) Is based upon reduced 
insulin secretion or disturbances in receptor function whteh are founded inter aJla 
upon protecriytically determined atmonnaiities in flie concentration of the incretins. 
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Hyperglycaemia and its associated causes and sequelae (also Diabetes mellitus) 
are treated according to the cun^ent state of the art by administering Insulin (for 
example material isolated from bovine pancreas or also material obtained by genetic 
engineering) to those aflectedi in various fbmis of administra&on. All of the 
previously Icnown methods and also more modem methods are characterised by 
high expenditure on materials, high costs and often by crucial impairment of the 
patienfs life quality. The classical method (daily l.v. Insulin injection, customary 
since the thiriies) treats the acute symptoms of the disease but leads, after 
prolonged use, to inter alia severe vascular changes (ari^riosclerosis) and nerve 
damage. 

It is Icnown that DPiV-inhibitors may be useful for the treatment of impaired 
glucose tolerance and diabetes mellitus (international Patent Application, 
Publication Number WO 99/61431, Pederson RA et al. Diabetes. 1998 Aug; 
47(8):1253-B and Pauly RP et al, Metabolism 1999 Mar; 48(3):38&«). In particular 
WO 99/61431 discloses DPIV-lnhibltors comprising an amino acid residue and a 
thiazoieidine or pynoiidine group, and salts thereof, especiaily Utfireo-isoieucyt 
thiazoleidlne, L-e//oisoleucyl thiazoldine, L-l/7/eo-isoIeu(^I pynpolidine, L-a//o- 
isoleu<^l thiazoldine, L-a//o-isoleucyl pynnolidine, and salts thereof. 

Furthw examples of low moleoitar weight dipeplidyi peptidase IV inhibitors 
are agents such as tetrahydroisoquInolin-S-carboxamlde derivatives, N-substituted 
2^an6pynroles and -pynolidlnes, N-(N- ^substituted giycyl)-2'<:yanbpynx}tidines, N- 
(substituted giyc^)-thiazoidines, N-<substituted glycyl)-4-c^anotiiiazo(dines, amino- 
acyi-tK)rono-prolyl-inhibitors and cyclopropyl-fused pyrrolidines. Inhibitors of 
dipepfldyl peptidase iV are described in US 6,011,155; US 6,107,317; US 
6,110,949; US 6,124,305; US 6,172,081; WO 99/61431, WO 99/67278, WO 
99/67279, DE 198 34 591, WO 97/40832, DE 196 16 486 0 2, WO 98/19998, WO 
00/07617, WO 99/38501. WO 99/46272, WO 99/38501, WO 01/68603, WO 
01/40180, WO 01/81337, WO 01/81304, WO 01/55105, WO 02/02560 and WO 
02/14271, WO 02/076450, WO 02/051836, EP 02290755.4 dnd WO 02/38541, ttie 
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teachings of which are herein incorporated by reference in their entirety concerning 
these inhibitors, their uses, definition and their production. 

More iBcentiy, the installation of subcutaneous depot implants (the insulin is 
released in metered amounts, and daily Injections are unnecessary) and the 
implantation (transplantation) of Intact Langerhans cells into tiie dysfunctional 
pancreas gland or otiier organs and tissues have been proposed. Such 
transplantation is complicated from a technical point of view, it fiirthermora 
represents risky surgical intervention in the recipient and, in the case of cell 
transplantation, also requires methods of suppressing or by-passing the immune 
system. 

The problem of the invention is therefore to provide new compounds for the 
treatment of, for example, impaired glucose tolerance, glucosuria, hyperlipidaemia, 
metabolic acidosis, diabetes mellitus, diabetic neuropattiy and nephropatiiy and of 
sequelae caused by diabetes mellitus in mammalis, metaboiismH-eiated hypertension 
and cardiovascular sequelae caused by hypertension in mammals, for tiie 
prophylaxis or treatment of skin diseases and diseases of the mucosae, 
autoimmune diseases and inflammatory ooriditions, and for the treatment of psycho- 
somatic, neuropsychiatric and depressive illnesses, such as anxiety, depression, 
sleep disorders, chronic fetigue, schizophrenia, epilepsy, nutritional disorders, 
spasm and chronic pain, and a simple metiiod for the treatment of tiibse diseases. 

That problem Is solved according to the invention by providing compounds of the 
general fonnuia i Including all stereoisomers: 

B— (CH-R^)„-C(=X2>-D (1) 

wherein 
nIsOorl, 

stands for H, C1-C9 branched or straight chain alkyi, preferably H, n-butan-2- 
yi, n-prop-2-yl or isobutyl, CVC9 branched or straight diain alkenyl, C^Ob cycloalkyi, 
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preferably cydohexyl, Cs-Cr cydoalkenyl, aiyl, heteroaryl or a side chain of a natural 
amino acid or mlmetics tliereof. 

stands Ibr O, NR* N*(R^)2, or S, 
B is selected from tiie following groups: 




wtiere is H or an acyl or oxycarbonyl group including amino adds, 

is H, Ci-Cg branched or straight chain alkyl, preferably H, n-butan-2-yI, n- 
prop-2-yl or isobutyl, C2-C9 branched or straight chain alicenyi, Ca-Cs 
cycloalicyl, preferably <^clohexyl, 3-hydroxyadamant-1-yl, Cb-C? cycloallcenyl, 
aryl, heteroaryl or a side chain of a natural amino acid or derivatives thereof, 
or a group of the fonnula -(CH)ttrNH-C^H3N-Y where m is an integer of 2-4, - 
CeHslM-Y is a divalent pyridyl moiety and Y is a hydrogen atom, a halogen 
atom, a nitro group or a cyano group, 

R^ R^ and are ind^ndentiy selected fipom H, optionally substituted 
C1-C9 branched or stra^ht chain sAk^, preferably an optionally substituted Cr 
Cs branched or straight chain allcyl; or optionally substituted C2-C9 branched 
or straight chain allcenyl, prsfsrably an CrCs branched or straight chain 
aikenyl; or optionally substituted CyCs cydoallcyl, preferably an optionally 
substituted C4-Cr cydoalicyi; or an optionally substituted CpCr cydoalkenyl, 
or an optionally substituted aryl residue, 

Z is selected from H, pyridyl or optionally substituted phenyl, optbnally 
substituted aikyi groups, alko)^ groups, halogens, nttro, cyano and cari3oxy 
groups, 
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W is selected from H, pyridyl or optionally substituted phenyl, optionally 
substituted alkyi groups, ailwxy groups, halogens, nitro, cyano and carbo)^ 
groups, 

is H or optionally substituted alkyI, all<Qxy or optionally substituted phenyl, 
and 

Is H, or optionally substituted alkyI, 

and R'^ are independently H, hydroxy, alkyi, alkoxy, aralkoxy, nitro, c^no 
or halogen, 

D is an optionally substituted compound of the fbnnula 



which can be saturated, or can have one, two or three double bonds, 
wherein 

X° to are independently CH, N, i^(R^). or CR°, if unsaturated, or 

to X^^ are independently CH2. NH. NHTCR^), O or S if saturated, 
X^2 is CHA, 1^ CH2, NH, NH*(R^), or CHR*, if saturated or 
X^^iS CA, IMA*, CH, N, N*(R^). or CR", If unsaturated and 
A is H or an isoster of a carboxyik: acki such as CN, SOsH. CONOI4, 
POaR^R^, a tetrazole, an amide, an ester or an acM anhydride. 

Throughout the application D conteins preferably at most 2, further preferred at ost 1 
heteroatom In the ring. 

According to preferred embodiments of the present invention, D stends for optionally 
substituted C4-C7 cydoalkyi, preferably C4-C8 cycloaikyi, optionally substituted C4-C7 
cydoalkenyl, or optionally substituted (hetero)cyck)aikyl of the fonnuiae 
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wherein the residues are as defined above, 



or 




that is, a five-membered ring containing one or two double bonds in the ring, 
wherein the residues are as defined above, 



or 



wherein the residues are as defined above, 



or 



XJ 



wherein the residues are as defined above, 



or 
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that is a six-membered ring containing one or two doubie bonds in tiie ring, 

vi^eiisin the residues are as defined above, 

or 

wherein the residues are as defined above. 



According to a prefen^ed embodiment. B has the following formula: 




wherein the residues are as defined above. 



According to another prefened embodiment, B has the following fonnula: 




wherein the residues are as defined above. 
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TTiroughout the description and the claims the expression "optionaily 8ut)stituted" 
preferably means any alkyi, acyl, ar^, heteroaryl, cart)onyl, cait)0}^l, halogenyl 
moiety. 

"Acyl" can denote a C1-20 acyl residue, preferably a C1-8 acyl residue and 
especially preferred a C1-4 acyl residue; "cydoalkyl" can denote a C3-12 cycloalicyi 
residue, preferably a C4, C5 or C6 cydoalkyl residue; and "carboc^ciic" can denote 
a C3-12 carbocyclic residue, preferably a C4, C5 or C6 caitocyclic residue. 
"Heteroaryl" Is defined as an aryl residue, wherein 1 to 4, and more preferably 1, 2 
or 3 ring atoms are replaced by heteroatoms like N, S or O. "Heterocydic" is defined 
as a cydoalkyl residue, wherein 1, 2 or 3 ring atoms are replaced by heteroatoms 
iiioe N, S or O. "Peptides" are selected from dipeptides to decapeptides, prefen^d 
are dipeptides, tripeptides, tetrapeptides and pentapeptides. The amino adds for the 
formation of the "peptides" can be selected from those listed betow. 

According to a prefened embodiment the acyl groups are C1-06-acyi groups. 
According to a further preferred embodiment ttie alk(yl) groups are C1-C6-alk(yl) 
groups, wNch may be branched or unbranched. 

According to a further prefened embodiment the aikoxy groups are C1-C&«riko)^ 
groups. 

According to a further prefened embodiment the aryl residues are C5-C12 aryl 
resMues that have opftonaliy one. two or thred fused rings having, e.g. 3, 4 or 5 
addittonal O-atoms each. 

According to a further preferred embodiment the cydoalkyl residues (carbocydes) 
are C3-C6-cydoaikyi residues. 

According to a further preferred embodiment the heteroaryl residues are C4-C11 
aryl residues that have optionally one, two or ttiree fused rings having, e.g. 3, 4 or 5 
additional C-atoms each and, in at least one ring, additionally from 1 to 4 pref^iabiy 
1 or 2 hetero atoms, such as O, N and/or S. 

According to a furtiier preferred emtx)diment peptkle residues are conresponding 
nesklues containing firom 2 to 50 amino acids. 

According to a lurttier preferred embodiment ttie heterocydto residues are C2-C7- 
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cycloalkyl radioils that additionally have from 1 to 4, preferably 1 or 2 hetero atoms, 
such as 6, N and/or S. 

According to a further preferred eml)odiment the carboxy groups are C1 - C6 
carboxy groups, which may be branched or uhbranched. 

According to a further prefenred embodiment the oxycarbonyl groups are groups of 
the fomiula -O-(CH2)i^C00H. 

The amino acids can be any natural or synthetic amino acid, preferably natural 
alpha amino acids. ' 

Examples of amino acids which can be used In the present invention are 

L and D-amino acids, N-methyl-amino-acids; alk>- and Ihmo-iorms of lie and Thr. 

which can, e.g. be d-, fh or o-amino adds, whereof oramlno acids are preferred. 

Examples of amino acids are: 

aspartic add (Asp), glutamic add (Glu), arginlne (Arg), lysine (Lys), histidine {H\s), 
glycine (Gly), serine (Ser) and cysteine (Cys). threonine (Thr), asparagine (Asn), 
glutamine (Gin), tyrosine (Tyr), alanine (Ala), proline (Pro), valine (Val), Isoleucine 
(lie), ieudne (Leu), methionine (l^et), phenylalanine <Phe), tryptophan (Trp). 
hydroxyproline (Hyp), beta-alanine (beta-Ala), 2-amlno octanoic add (AoaX 
azetid(ne-(2)-cart>oxylic add (Acs), pipecolic add (Pip), 3-amino propionic, 4-amino 
butyric and so forth, alpha-aminoisobutyric add (Alb), sarcosine (Sar), ornithine 
(Orn), dtruiiine (Cit), homoarginine (Har), t-bufylalanine (M)utyl-Ala), t-butylglydne 
(t-butyl-Gly), |N|-methyilsoi^cine (N-Melle), phenylglydne (Phg), cydohexylaianine 
(Cha), norieucine (Nie), cysteic add (Cya) and methionine sulfoxide (MSO), Acetyl- 
Lys, modified amino adds such as phosphoryl-serine (Ser(P)), benzyi-serine 
(Ser(BzI)) and phosphoryi-tyroslne (Tyr(P)), 2-aminobutyric add (Abu), 
aminoethyicysfeine (AECys), carbos^ethylcysteirie (Cmc), dehydroalanine (Dha), 
dehydroamlno-2-butyric add (Dhb), carboxygiutamlnlcadd (Gla), homoserlne (Hse), 
hydroxylysine (Hyl), cf&4iydroxypiollne (dsHyp), tnan9-hydro}^roline (transHyp). 
isovaline (h/a), pyroglutamic add (Pyr), norvaline (Nva), 2-^inobenzoic add (2- 
Abz), 3- aminobenzoic add (3-Abz), 4- aminobenzoic add (4-Abz), 4- 
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(aminoniethyl)benzoic acid (Amb), 4-(arninomethyl)(^dohexanecart)oxylic acid (4- 
Amc). Penidllamine (Pen), 2-Amlno-4-cyanobiityric acid (Cba), c^doalicane- 
cart)oxylic aicds. 

Examples of tD^amino acids are e.g.: S^Ara (aminoraleric acid), 6-Ahx 
(aminoliexanoic add), 8-Aoc (aminooctanoic aicd), 9-Anc (aminovanoic aicd), 10- 
Adc (aminodecanoic acid), 11-Aun (aminoundecanoic add), 12-Ado 
(aminododecanoic add). 

Fuittier amino adds are: indanylglydne (igl), indoiine-2-carboxylic add (Idc), 
octahiydroindole-2-cartoxylic add (Oic), diaminopropionic acid (Dpr), diaminobutyric 
add (Dbu). napiityialanine (1-Nai), (2-Nal), 4-aminopiienylaIanin (Phe(4-NH2)), 4- 
benzoyiptienylalanine (Bpa), dipiienylalanine (Dip), 4-bFomoplienylalanine (Plie(4- 
Br)), 2-ciiloroplienylalanine (Piie(2-a)), 3-dilorophenylalanine (Phe(3-CI)), 4- 
chloroplienylalanine (Plie(4-CI)), 3,4-chloropiienylalanine (Phe (3,4-Cl2)), 3- 
fluoiiophenylalanine (Phe(3-F)), 4- fiuorophenylalanine (Phe(4-I=)), 3,4- 
fluorophenylalanlne (Phe(3,4-R0)i pentafluoropiienyialanine (Plie(F6)), 4- 
guanidinoplienylalanine (Plie(4-guanidino)), homophenylalantne (liPhe), 3- 
Jodophenylalanine ^lie(3-J)), 4 Jodoplienyialanine (Phe(4^)). 4- 
methylplienylalanlne (Ptie(4-Me)), 4-nltn)phenylaianlne (Ptie-4-N0^), 
biptienylalanine (Bip), 4-|riiosphonomehfylphenylaianine (Pmp), (^dohei^giycbie 
(Ghg), 3-pyridinylalanine (3-Pal), 4-pyiidiny|alanine (4-Pal), 3,4-dehydroproiine (A- 
Pro), 4-l(6toproline (Pro(4-kato)), tiiioprdine (Tliz), isonipecoQc add (inp), 1,2,3,4,- 
tetraliydroisoquinoiin-3-caii)0}^iic add (Tic), propargylgiydne (Pra), 6- 
tiydro}^oi1eudne (NU(6-0H)), homotyroslne (liTyr), 3-Jodotyrosine (Tyr(3-J)), 3,5- 
dljodotyrosine (Tyr(3,5nJ2)), d-metliyi-tyrosine (Tyr(Me)), 3-N02^tyrosine (Tyr(3- 
NO2)), piiosptiotyrosine (Tyr(P03l-l2)), all<ylgiydne, l-aminoindane-l-caiboxy add, 
2-aminoindane-2-carboxy add (Aic), 4-anilno-methylpynpl-2-carboxyiic add (Py), 4- 
aminp-pynt)lidine~2-carbQ>cylic add (Abpc), 2-aminotetraline-2-carbo)^ic add (Ate), 
diamlnoacetic add (Gly(NH2)). diaminobutyric add (Dab), 1,3-dihydro-2H-isoinole- 
carixscyiic add Pisc), h(MTiQ(^colie}(yialanin (iiCiia), ixxnoptienyialanin (hPiie Oder 
Hof), frans-3-phenyi<<Q:etidine-2rcarbo]^ic add. 4-piienyl-pynx>iidine-2-carbo}cylic 
add, 5-piienyl-pyrrolidine-2-carboxylic add, 3^yridylalanine (3-Pya), 4- 
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pyridylatanine (4-Pya). styrylaianine. tetrahydroisoquinoline-l-carboxylic add (Tiq), 
i;2,3.4-tetrahydrohorhannane-S<»rbo}^fcacid (Tpl), &-(2-thienyl)-alanlhe (Tha). 

Side chains of amino acids are Icnown to peopie sidlied in the art: an amino acid has 
a baclcbone containing an amino and a carboxy group. Substituents of the baclcbone 
are. calied side chains. 

Such side chains are for instance, but not restricted to, homoserine addition, 
pyrogiutamic acid addition, disulphlde bond formation, deamidata'on of asparagine or 
glutamine residues, meti^yiation, t-butyiation, t-butytoxycarbonytation, 4- 
methylbenzyiationt thioanysiiation, thiocresytation, benzytoxymettiylation, 4- 
nifrophenyiation, benzylo^^carbonylation, 2-nitiiobencoylation, 2-n!tFosulphenylation, 
44oluenesulphonylaflon, pentafiuorophenylation, diphenyimeUiyiation. 2- 
chiorobenzyioxycarbonylation, 2,4,5-tiichbrophenylation, 2- 

biomobenzyioxycarbonyiation, 9-fluorenylmethyioxycarbonylation, 
triphenylmefhylation, 2,2,5,7,8,-pentamethylchroman-^ulphonylation, 
hydroxylation, oxidation of methionine, fbmiyiaQon, acetylation, anisylation, 
benz^ation, benzoyiation, trifluoroaoefylation, carboxyiation of aspartic add or 
glutamic add, phosphorylation, sulphation, cysteinylation, glycolys£rtion wtth 
pentoses, deoxyhexoses, h^osamines, hexoses or N-acetylhexosamines, 
famesylation, rtiyristoiysation, bioflnytation, palmltoylation, sfearoylation, 
geranyigeranyiation, glutatiiionylation, 5'-adeno^lation, ADP-ribosylation. 
modificatipn with N-giycoiylneuraminic acid, N-acetylneutaminlc add, pyridoxal 
phosphate, lipoic add, 4'-phosphopantettieine, or N-hydrox^ucdnlmlde. 

Peptide mimetics per se are icnown to a person skilled in the art They are preferably 
defined as compounds which have a secondary struc^re liice a peptide and 
optionally further struchjrai characteristics; tiieir mode of action Is largely similar or 
identical to the mode of action of tiie native peptide; however, their adivify (e.g. as 
an antagonist or Inhibitor) can be modffled as compared with the native peptide, 
espedaliy vis d vis receivers or enemies. Moreover, they can imitate tiie effect of 
ttie native peptide (agonist). Exampieis of peptide mimetics are scaffold mimetics, 
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non-peptidic mimetics, peptoides, peptide nudelc adds, ollgopyrrolinones, 
vinylogpeptides and oligocarbamates. For tiie definifions of these peptide mimetics 
see Lexll(on der Ciiemie. Speldrum Aicademischer Veriag IHeideiberg, Berlin, 1999. 

The aim Ibr using these minratic structurs is 'mcreasing the activity, increasing the 
seiectivity to. decrease side efliscts, protect the compound (drug) against 
enzymaticai degradation for proiongation of the effect 

Further peptide mimetics are defined in J. Gante, Angew. Chemie, 1994, 106, 1780- 
1802; V. J. HnJby et ai., Biopoiymers, 1997, 219-266; D. NOteberg at al., 2000, 43, 
1706-1713. 

Upon - pieferabiy oral - administration of those compounds to a mammai, ttie 
endogenoue (or additionaiiy exogenously administered) hsuiinotropic peptides GiPi. 
42 and GLP-l7^ (or GLP-17^7 or anaiogues thereof), for exampie, are brot^ down 
tp a lesser degree by DP IV or DP IV-iiice enzymes. The compounds of the present 
invention lower or inhibit the activily of DP IV or DP IV-ilke enzymes at least by 
about 10. preferably about 50. more preferably about 75, 90 or 100% and prolong 
the half live of their substrates In a mammal by at least about 2foid, preferably about 
3f6ld, more preferably about 4fbld, Sfbid or higher relative to the absence of the 
compound and hence the reduction in the concentration of those pepSde honmones 
and their analogues is reduced or delayed. The invention is based, ttierefbre, on 
the finding that a rsdiiction of the DP IV or DP IV-ilice enzyme activity In the biooct- 
stream results in influencing of the blood sugar level. The compounds of the present 
invention are therefore useflil for the treatment of impaired glucose tolerance, 
glucosuria, hyperilpldaemia, metabolic acidosis, diabetes meilitus, diabetic 
neuropathy and nephropathy and of sequelae caused by diabetes meilitus in 
mammals. 

Besides the insulinotropic peptides GIP142 and GLP-I7-38 (or GLP-I747 or analogues 
thereof), the compounds of the pr^ent invention lower or inhibit the degradation of 
other substrates of DP IV or DP IV-^Ike enzymes and are therefore useful for the 
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treatment of metabolism-related hypertension and of cardiovascular sequelae 
caused by hypertension In mammals, for the prophylaxis or treatment of skin 
diseases and diseases of the mucosae, autolmmurie diseases and Inflammatory 
conditions, and for ttie treatment of psychosomatic, neuropsychiatric and depressive 
Illnesses, such as anxiety, depression, sleep disorders, chronic fatigue, 
schizophrenia, epilepsy, nutritional disordere, spasm and chronic pain. 

Cunrently known substrates of DP iV are 

Xaa-Pro peptides 
Tyr-melanostatin 
Endomorphin-2 
Enterostafin 
p-CasomorphIn 
Trypslnogen pro-pepfide 
Bradyidnin 
Sut)stance P 

Corticotropin-like intermediate lobe peptide 

Gastrin-reieasing peptide 

Neuropeptide Y 

Peptide YY 

Aprotlntn 

RANTES 

GCP-2 

SDF-1a 

SDF-1^ 

MDC 

MCP-1 

MCP-2 

MCP-3 

Eotaxin 

IP-10 
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Insutin-like growth fectoM 

Pro-colipase 

lnterieukin-2 

infBrieukin-ip 

Oi-Microglobulbi 

Prolactin 

Trypsinogen 

Chorionic gonadotropin 

Xaa-Ala peptides 

PHM 

GRH-(1-29) 
GRH-(1-44) 
GIP-1 
GLP-2 

Gastric inhibitory peptide 
OrexinB 

X^a-Ser peptides 

Orexin A 

The oral administration of the high-afflnity, low-molecular-weight enzyme inhibitors 
of the Invention is a mors cost-effective alternative, for example, to invasive surgical 
techniques in tlie treatment of pathological symptoms. By chemical design of stabil- 
ity, transport and clearance properties their mode of acUon can be modified and 
matdied to individuai (^aracteristlcs. 

The salts of the compounds of the invention ma^, if they have basic properties, be ni 
the fomra of inorganic or organic salts. 

The compounds of the present invention can be converted into and used as 
add addition salts, especially pharmaceuUcally acceptable ackl addition salts. The 
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phamnaceutically acceptable salt generally takes a form In which a basic side chain 
is protonated with ah inorganic or organic acid. Representative organic or inorganic 
acids include hydrochloric* hydrobrpmic, perchloric, sutfiiric, nitric, phosphoric 
acetic, propionic, glycollc, lactic, succinic, maieic, flimarlc, malic, tartaric, citric, 
benzoic, mandellc, methanesulfonic, hydroxyethanesulfohic, benzenesulfonic, 
oxalic, pamoic, 2-naphthalenesulfonic, p-toulenesulfonic, cydohexanesutfamic, 
salicylic, saccharlnic or trifluoroacetic add. AH pharmaceutically acceptable acid 
addition salt fomns of the compounds of the present invention are intended to be 
embraced by the scope of this invention. 

in view of the dose relationship between the free compounds and the 
compounds in the fonm of their salts, whenever a compound is referred to in this 
context, a cbnresponding salt is also Intended, provided such is possible or 
appropriate under the drcumstances. 

Where the compounds according to this invention have at least one chiral 
center, they may accordingly exist as enantiomers. Where the compounds possess 
two or more chiral centers, they may additionally exist as diasteremners. It is to be 
understood that all such isomers and mixtures thereof are encompassed within the 
scope of the present Invention. Furthermore, some of the crystalline fonns of the 
compounds may exist as polymorphs and as such are Intended to be Induded In the 
present invention. In addition, some of the compounds may form solvates with 
water (i.e. hydrates) or common organic solvente, and such solvates are also 
intended to be encompassed within the scope of this invention. 

The compounds, induding their salts, can also be obtained in the form of their 
hydrates, or indude other solvents used for their crystailbiBtion. 

The invenflon accordingly relates to inhibttore of dipeptidyl peptidase iV (DPIV) and 
DP IV-illce en2yme activity and to their use for lowering the blood sugar level below 
the glucose concentration characteristic of hyperglycaemla In the serum of a 
mammal. The Invention relates espedally to the use of the compounds of the 
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Inventlon for modulating DP IV and DP IV-iike enzyme activity in ordo* to prevent or 
aiieviate pathoiogicai metabolic abnormalities of mammais, such as, for example, 
Impaired glucose tolerance, glucosuria, hyperlipldaemia, metabolic acidosis, 
diabetes meifftus. diabetto neuropathy and nephropatiiy, and sequelae caused by 
diabetes mellitus in mammals. The invention further relates to the use of the com- 
pounds of the invention for modulating DP IV and DP IV-iike enzyme activity In order 
to prevent or alleviate neurodegenerative diseases and high blood pressure. In the 
case of chronic administration of the compounds of the invention, the invention 
relates to the improvement of signal action at tiie cells of the islets of Langerhans 
and of insulin sensitivify in the p^pheral tissue in the postprandial phase. 

The invention further relates to the use of tiie compounds of tiie invention for the 
chronic treatment of chronic metaboHc diseases In humans; for the chronic 
treatment of chronically Impaired glucose tc4erance, chronic glucosuria, chronic 
hyperiipidaemia, chronic metabolic addosls. chronic diabetes mellitus, chronic 
diabetic neuropattiy and nephropatiiy and of chronic sequelae caused by diabetes 
mellitus, chronic neurodegenerative diseases and chremlc disturbance of signal 
action at ttie ceDs of ttie isiete of Langerhans and chronic Insulin sendQ\% in the 
poipherai tissue in tiie postprandial phase of mammals; for flie chronic treatment of 
chronic metabdism-feiated hypertension and of dironic cardtovascular sequelae 
caused by hypertension in mammals; for tiie chronic treatment of chionic 
psychosomatic, chronic neuropsychiafric and depressive illnesses, such as chronic 
anxiety, chronic depression, chronic sleep, disorders, chronic fatigue, chronic 
schizophrenia, chronic epilepsy, chronic nutritional disorders, spasm and chronic 
pain. 

The compounds of tiie present invention may be used in the fonn prodaigs. 
According to tiie invention, these prodmgs can be used as inhibitors of DP IV and 
DP IV-^llce enzymes and it is pos^ble to define tiie site of tiidr action, the time of 
onset of their action and tiie duration of action predseiy. 
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Upon administration, such prodrugs are cieaved, for example by suitable en2ymes, 
and the active inhibitors are released. The active inhibitors can be released both by 
chemical and enzymatic mechanisms. For example, esterases, proteases and 
peptidases serve to release tiie active inhibitors from the prodmgs according to tiie 
invention. Such esterases, proteases, etc. are disclosed, for example, in WO 
97/45117, US 5433955, US 5614379 and US 5624894. Pretended proteases arc 
aminopeptidases, dipeptldyl aminopeptidases, endoproteases, and endopeptidases. 
Especially preferred proteases for the rciease of tiie active inhibitors fbm the 
prodrugs of the present invention are aminopeptidase amfnopeptidase P, 
pyroglutamlnyl aminopeptidase, dipeptidyl peptidase IV and dipepttdyl peptidase iV- 
iike enzymes. 

The released active inhibitors can interact wifli ttie DP IV and DP iV-ill<e enzynras. 
As a direct result, for example, tiie abovenDentioned insulinotro|Mc peptides arc 
broken down to a lesser degree and tiie effectiveness of insulin is tiiereby 
increased. 

the administration of unstable inhibitors of DP iV se has disadvantages since 
they are degraded very rapidly in vh/o and thus an even distribution of the Inhibitors, 
especiaiiy in tiie human body, Is impossible. In particular, upon oral administration 
such inhibitors arc so unstable that they have virtually no activity at alt. Accordingly, 
stable inhibitors have hitherto been used especially In the treatment of diabetes 
meiiltus. 

In one embodiment, tiie present invention uses the concept to stobilize unstable 
inhibitors by masking them in prodrug form. 

The properties of tiie active inhibitors according to tiie invention can be designed in 
such a way ttiat the deactivation tirne of tiie DP iV-inhibitors e.g. by IntiBmolecuiar 
cydisation after tiieir release from the prodrugs, is definable. 
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In particular, the prodrugs of the compounds of the invention are advantageous in 
that the active inhibitors of DP IV and DP IV-iil^ enzymes are released according to 
individual patients' needs. 

When a prodrug of a compound of the invention interacts with a DP IV molecule or a 
aminopeptldase N molecule, it is cleaved by these enzymes and the active Inhibitor 
is released. The adive inhibitor will inhibit DP IV and/or DP iV-lll<e en2ymes so that 
DP iV Itself cannot cleave any ftirther compounds for a defined time. The remaining 
prodrugs are not degraded during this defined time and thus, constitute an inhibitor 
reservoir until the concentration of DP IV molecules or aminopeptidase N molecules 
rises again or active inhibitor molecules are eliminated or inactivated. 

The use of prodrugs has tiie furflier advantage that eadi organism will release 
BxacXty tiiat amount of adUve inhibitor that Is necessary to inhibit tiiat amount of DP 
IV molecules, which Is present in the body of the respective organism. 

The present invention accordingly relates to novel compounds of inhibitors of the 
serine protease dipeptidyl peptidase IV or DP IV*-lil<e enzymes and their prodrugs, 
which can be used in the treatment of various disorder?, especially of metabolic 
disorders associated witti diatmtes meWtiis. 

Surprisingly such masiced inhibitors are additionally considerably more effective tiian 
non-masked inhibitors: rf identical amounts of non-masi<ed DP IV-inhibitors and of 
c(mpounds according to the invention are used, the compounds according to tiie 
invention produce a mariced improvement in glucose tolerance in Diabetic Zxioker 
rats. 

The compounds according to the present invention, are transported through the 
mucosa of the small Intenstine without delay, for example simultaneously wiUi 
nutrient intalce. 
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Moreover, the site of action, at wtlicli tlie active DP IV-inliibitors are released can 
also be controlled by the structure of the prodrugs. 

To summarise, It may be stated that, using the compounds of the present invention 
in prodrug form, it is possible in a completely surprising manner 

1 . to achieve increased action of the inhibitors; 

2. to release the active inhibitors according to the patienf s needs; 

3. to release the active inhibitors in a temporally controlled manner, 

4. to release the active inhibitors in a site^pedfic manner, and 

5. to provide a reservoir of DP iV-inhibitors. 

As indicated above, the compounds of the present invention, and their 
conesponding pharmaoeuticaily acceptable add addition salt forms, are useful in 
lowering or Inhibiting DP IV and DP IV- like enzyme activity at least by about 10, 
preferably about 50, more preferably about 75, 90 or 100% and prolong the half live 
of their substrates in a mammal by at least about 2fold, preferably about 3fold, more 
preferably about 4fold, Sfold or higher relative to the absence of the compound and 
hence the reduction in the concentration of those peptide hormones and their 
analogues is reduced or delayed. The ability of the compounds of the present 
invention, and their con*esponding pharmaceuticaily acceptable add addition salt 
fomns to inhibit DP IV and DP IV- like enzyme activity may be demonstrated 
employing the DP IV activity assay for detemfiination of the Krvaiues and the ICssr 
values in vftno, as described in examples 8 and 9. 

The ability of the compounds of the present invention, and their 
connesponding pharmaceuticaily acceptable add addiSon salt forms to lower or 
inhibit DP IV activity In vM) may be demonstrated by oral or intravasal 
administration to WIstar rats, as described in exarifipie 12. The compounds of the 
present invention inhibit DP iV activity In vivo after both, oral and intravasal 
administration to WIstar rats. 
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DP IV is present in a wide variety of mammalian organs and tissues e.g. the 
intestinal brusti-border (Gutechmldt S. et al., "In situ' - measurements of protein 
contents In the t>rush border tBgion along tat Jejunal vlHi and their comeiations with 
four enzyme activities. Histochemistry 1981. 72 (3), 467-79), exocrine epitheila, 
hepatocytes, renal tubuil, endothelia, myofibrobla^ (Feller A.C. et al., A 
monoclonal antibody detecting dipeptidylpeptidase IV in human tissue. Virchows 
Arch. A. Pathol. Anat. HIstopathol. 1986; 409 (2):26S-73). nen^e cells, lateral 
membranes of certain surface epitheila, e.g. Fallopian tube, uterus and vesicular 
gland, in the luminal cytoplasm of e.g., vesicular gland epithelium, and in mucous 
cells of Bnjnner's gland (Hartel S. et al., Dipeptidyi peptidase (DPP) iV in rat organs. 
Comparison of Immunohlstochemlstry and activity histodiemistry. Histochemistry 
1988; 89 (2): 151-61), reproductive organs, e.g. cauda epididymis and ampulla, 
seminal vesicles and their secretions (Agravrai & Vanha-Perttula, Dipeptidyi 
peptidases in bovine rdproducfive organs and secretions, int J. Androl. 1986, 9 (6): 
435-52). in human serum, two molecular fbmis of dipeptidyi peptidase are present 
(Krepela E. et al., Demonstration of two molecular fornis of dipeptidyi pepti(te»e IV 
in normal human serum. Physic^. Bohemosiov. 1983, 32 (6): 486-96). Ttm serum 
high molecular weight fonn of DP IV is expressed on the surface of activated T cells 
(Duke-Cohan J.S. et al., Semm high molecular weight dipeptidyi pepfldase iV 
(CD26) is similar to a novel antigen DPPT-L released from adivated T cells. J. 
Immunol. 1996, 156 (5): 1714-21). 

The compounds of the present invention, and their corresponding 
pharmaceutically acceptable add addition salt forms are able to inhibit DP IV in vh/o. 
In one embodiment of the present Invention, all molecular forms, homologues and 
epitopes of DP IV from all mammalian tissues and organs, also of those, which are 
undiscovered yet, are intended to be embraced by the scope of tMs Invention. 

in another preferred embodiment of the present Invention, ail mdecuiar 
ibnns, homologues and epitopes of proteins comprising DP IV-liice enzyme activity, 
from all mammalian tissues and organs, also of those, which are undiscovered yet, 
are Intended to be embraced by the scope of this invention. 
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The ability of the compounds of the present invention, and their 
conesponding phamiaceutically acceptable add addition salt fonns to lower or 
Inhibit the activity of DP IV-IIke enzymes may be demonstriated employing an 
enzyme activity assay for detennination of the Krvalues in vHm as described In 
example 10. 

in another embodiment, the compounds of the present invention, and their 
conesponding pharmaceutically acceptable add addition salt forms have only low, if 
no inhibitory activity against non-DP IV and non-DP IV~ lilce proline spedflc 
era^mes. See example 11. 

In view of their ability to Inhibit DP IV and DP iV- iil(e enzyme activity, the 
compounds of the present invention, and their oone^nding piharmaoeuticaiiy 
acceptable add adcBtion salt forms, are useful in treating conditions mediated by 
said enzyme activities. Based on ttie findings described in the ^camples of the 
present Invention and in the literature, it can be shown tiiat tiie compounds 
disclosed herein are useful in the treatment of conditions such as immune, 
autoimmune disorders or central nennxjs ^stem dtscNders, selected from the group 
consisting of stroices, timtors. ischemia, Partdnson's disease, and migrdlnes. 

In a more prefen-ed embodiment of this invention, ttie compounds of the present 
invention and their corresponding phamnaceutically acceptable add addition salt 
forms. Improve glucose tolerence by lowering elevated blood glucose levels in 
response to an oral glucose challenge and, therefore, are useful In treating non- 
Insuiin-dependent diabetes meiiitus. The ability of tiie compounds of the present 
invention, and their corresponding pharmaceutically aoceptable add addition salt 
fonns. to improve glucose toieFance In response to an oral glucose challenge, may 
be measured in diabetic Zucker rats. The method is described in example 13^ 

The present invention ttierefore provides a method of preventing or treating a 
condition mediated by modulation of the DP IV or DP IV-lllce enzyme activity In a 
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subject in need thereof which comprises administering any of the compounds of the 
present Invention or phannaoeuticai compositions thereof in a quantity and dosing 
regimen therapeuticaiiy effective to treat the condition. Additionally, the present 
invention indud^ the use of the compounds of this invention, and Vneir 
conesponding phannaceuticaily acceptable acid addition salt Ibmis, for the 
preparation of a medicament for the prevention or treatment of a condition mediated 
by modulation of the DP IV activity In a subject The compound may be 
administered to a patient by any conventional route of administFatlon. Including, but 
not limited to, Intravenous, oral, subcutaneous, intramuscular, intradennai, 
parenteral and combinations thereof. 

in a furtiier preferred form of impiementetion. the Invention relates to 
phannaceuticai compositions, that is to say, medicaments, tiiat cont£rin at least one 
compound of the invention or salts tfiereof. optionally in combination with one or 
more phannaceuticaily acceptable canters and/or solvents. 

The phannaoeutical compositions may, for example, be In the fonn of parenteral or 
enteral fonnuiattons and contain appropriate canters, or they may be In the fomi of 
oral formulations that may contain appropriate carriers suitable for ored 
administration. Preferably, they are in the form of oral fbnnuiations. 

The phamiaceuticat compositions may additionaliy contein one or more 
hypoglycaemicaliy active ingredients which may be active ingredlente that are 
known perse. 

The inhibitors or prodmgs of DP iV and DP IV-iIke enzymes administered according 
to the invention may be employed in phannaceuticaily adminlstrable formulations or 
Ibmfiuiatton complexes alone or In comtrinatton with DP iV-inhibitors, substrates or 
pseudosubetrates of [)P IV or DP IV-iike enzymes, inhibitors of DP iV or DP IV-like 
enzyme expression, binding proteins of or antibodies against DP IV and DP IV-like 
enzymes in mammals. The compounds of the Invention make It possible to adjust 
treatment individually to patiente and diseases, it being possible, in partkxjiar, to 
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avoid individual intolerances, allergies and side-effects. 

The compounds also exhibit differing degrees of activity as a function of tlme^ Thus 
it Is thereby possible to respond differently to the individual situation of patients: on 
the one hand it is possible to precisely adjust the speed of the onset of action and, 
on the other hand, the duration of action and especially the intensity of action. 

The metiiod according to the invention represents espedally a new approach to the 
reduction of raised blood glucose concentration in the serum of mammals. It is 
simple, susceptible of commercial application and suitable for use in the treatment 
of especially diseases that are based on above-average blood glucose values, on 
neurodegenerative diseases or on high blood pressure, In mammals and especially 
in human medicine. 

The compounds are administered, for example. In tiie form of phamnaoeutical 
preparations that contain the active ingredient in combination wffli customary 
additives like diluents, exdpients and/or carriers Icnown from the prior arL For 
example, tiiey are administered panenteraily (for example Lv. in phydological saline 
solution) or enterally (for sample orally, fomiuiated with customary carriers, such 
as, for example, glucose). 

Depending upon their endogenous stability aind their bioavailability, one or more 
doses of the compounds can be given per day in order to achieve the desired 
normalisation of the biood glucose values. For example, such a dosage range in 
humans may be in the range of from 0.01 mg to 250.0 mg of compound per 
kilogram body weight per day. preferably in tiie range of from 0.01 to 100 mg of 
compound per Idiogram of body weight per day. 

It hBS been found that by administering inhibitors of dipeptidyl peptidase IV and DP 
IV-III» enzyme activities in the biood of a mammal, owing to tfie associated 
temporary reduction In activity, the endogenous (or additionally exogenousiy 
administered) Insullnotropic peptides Gastric Inhibitory Polypeptide 1-42 (GlPi^) 
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and Glucagon-Uke Peptide Amlde-1 7-36 (GLP-lr-^) (or other GiP-h-sr or 
analogues thereof) are, as a consequence, broken down to a lesser extent by DP IV 
and DP IV-llloe enzymes and hence the reduction In the concentration of those 
peptide homiones and their analogues Is reduced or delayed. The Increased 
stability of the (endogenous or exogenously supplied) incretins or their analogues, 
which is achieved owing to the action of DP IV inhibitors and which results In their 
b&ng available In greater quantities for insulinotropic stimulation of tiie Incretin 
receptors of tiie Lxingerhans cells in the pancreas, alters Inter alia the effectiveness 
of the body's own Insulin, which brings with it a stimulation of ttie carbohydrate 
metabolism of the subject treated. 

As a result, the blood sugar level decreases by about 10%. preferably by about 
15%, more preferably by about 20 or 30 % in the serum of the hypeiglycaemlc 
subject treated, compared to tiie untreated subject Most prefi^bly, tiie blood sugar 
level of a sutifect Is reduced down to a level below 140, especially preferred 
between 60 and 100 mg glucose /dl in tiie postprandial phase or below 100, 
preferably down to a level between 60 and 80 mg glucose /dl in the liasSng state. 

Accordingly, it Is possible to prevent or alleviate metabolic abnomnaiities. such as 
impaired glucose tolerance, glucosuria, hyperilpidaemia, metebolic acidosis, 
diabetes mellitus, diabetic neuropathy and nephropathy and sequelae caused by 
diabetes mellitus in mammals, metaboUsmnfelated hypertensioiv and cardiovascular 
sequelae caused by hypertension In mammals, skin diseases and diseases of tiie 
mucosae, autoimmune diseases, high blood pressure and inflammatory conditions, 
and psychosomatic, neuropsychlatric and depressive illnesses, such as anxiety, 
depr^ton, sleep disorders, chronic liatigue, schizophrenia, epilepsy, nutritional 
disorders, spasm and chronte pain. 

To enhance the blood-sugar-reducing action of varfous antidiabetics, combinations 
of various orally active antidiabetics are often used. Since the anfihypergiycaemte 
action of the compounds of the Invention opeiBtes independ^ntiy of other known 
orally adminlstrabie antidiabetics, tiie active ingredients of the Invention are 
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analogously suitable for use in combination therapies; in an appropriate galenical 
fbim, for achieving the desired nomioglycaemic effscL 

The compounds used according to the invention can accordingly be converted In a 
manner Icnown per se into conventional formulations, such as, for example, tablets, 
capsules, dragSes, pills, suppositories, granules, aerosols, syrups, liquid, solid and 
cream-iil<e emulsions and suspensions and solutions, using inert, non-toxic, 
phamnaceuticaily suitable caniers and additives or solvents. In each of those 
fonnulations, the therapeutically effective compounds are preferably present in a 
ooncentraQon of approximately from 0.1 to 80 % by weight, preferably from 1 to 50 
% by weight, of the total mixture, that is to say, in amounts suffident for the 
mentioned dosage latitude to be obtained. 

The good absorption of the compounds used according to the invention by the 
mucosae of the gastrointestinai tract makes it possible for many galenical 
preparations to be uised: 

The substances can be used ds medicaments in the fomi of drag§es, capsules, 
bitable capsules, tal:>lets, drops, syrups or also as suppositories or as nasal sprays. 

The formulations are prepared, for example, by extending the active ingredient witti 
solvents and/or camers, optionally with the use of emulstfiers and/of dispersants, it 
being possible, for example, In the case where water is used as diluent, for organic 
solvents to be optionally used as auxiliary solvents. 

There may be mentioned as examples of excipients: water, non-todc organic 
solvents, such ^ parafRns (for example natural oil fractions), vegetable oils (for 
example rapeseed oil, groundnut oil, sesame oH), alcohols (for example ethyl alco- 
hol, glycerol), glycols (for example propylene glycol, poiyettiyiene glycol); solid 
carriers, such as, for example, natural powdered minerals (for example highly 
disperse silica, silicates), sugars (for exiample raw sugar, lactose and dexfrose); 
emulsiflers, such as non-Ionic and anionic emuisifiers (for example poiyoxyethylene 
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fatty add esters, polyoxyethylene fatty alcohol ethers, alkylsulphonates and 
arylsuiphonates). dispersants (for example llgnin, sulphite liquors, methylcellulose, 
starch and poiyvinylpynolidone) and lubricants (for example magnesium stearate, 
talcum, stearic acid and ^ium lauryl sulphate) and optionally flavourings. 

Administration is carried out In the usual manner, preferably enterally or 
parenterally, especially orally. In the case of enteral administration, tablete may 
contain in addition to the mentioned carriers further additives such as sodium citrate, 
calcium carbonate and calcium phosphate, together with various additives, such as 
starch, preferably potato starch, gelatin and tiie liice. Furthennore, lubricants, such 
as magnesium stearate, sodium lauryl sulphate and talcum, can be used oon- 
comitantiy for tabietting. In the case of aqueous suspensions and/or elMrs intended 
for oral administration, various taste correctives or colourings can be added to the 
active Ingredients in addition to the above-mentioned e^oiipients. 

In the case of parenteral administrafa'on, solutions of the active ingredients using 
suitable liquid canters can be employed. In general, it has been found 
advantegeous to administer, in the case of intravenous administration, ambunte of 
approximate from 0.01 to 2.0mg/i<g. preferably approxiraately firom 0.01 to 1.0 
mglkg, of body weight per day to obtein effective results and, in tiie case of enteral 
administration, the dosage is approximately from 0.01 to 2mg/l(g, preferably 
approximately from 0.01 to 1 mg/lcg. of body weight per day. 

it may nevertiieiess be necessary in some cases to deviate from the steted 
amounte, depending upon tiie body weight of the experimentel animal or the patient 
or upon the type of administration routei, but also on the basis of tiie species of 
animal and its individual response to tiie medicament or the interval at which 
administration is cam'ed out. Accordingly, it may be sufficient in some cases to use 
less than the abov»4nentioned minimum amount, while, in ottier cases, tiie 
mmtioned upper limit will have to be exceeded. In cases where relatively large 
amounte are being administered, It may be advisable to divide those amounte into 
several single doses over the day. For administration in human medicine, the same 
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dosage latKude is provided. The above remarks apply analogously in that case. 
Examples of pharmaceutical formulations 

1 . Capsules containing 1 00 mg of a compound of the Invention per capsule: 
For approximately 10,000 capsules a solution of the following composition is 



The solution is introduced into soft gelatin capsules in a manner Icnown perse. TTie 
capsules are suitable for chewing or swallowing, 

2. Tablets or coated tables or dragdes containing 100 mg of a compound of ttie 
Invention: 

The following amounts refer to the preparation of 100,000 tablets: 
compound of the invention, 

finely ground 10.0 leg 

glucose 4.35 kg 

lactose 4-35 kg 

starch 4.50 kg 

cellulose, finely ground 4.50 



prepared: 



compound of the invention 
glycerol 

polyethylene glycol 
water 



1.0 kg 
0.5 kg 
3.0 kg 
0.5 kg 
5.0 kg 



The above constituents are mixed and thm provided with a solution prepared from 
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polyvlnylpyrrolldon© 
polysorbate 
and water 



approx. 



2.0 kg 
0.1 kg 
5.0 kg 



and granulated In a manner known perse by grating the moist mass and, after the 
addition of 0.2 kg of nragneslum stearate, drying It The finished tablet mixture of 
30.0 kg is processed to form convex tablets weighing 300 mg. The tablets can be 
coated or sugar-coated in a manner known per se. 

Examples of the Invention 

Example 1 : Synthesis of substituted aminoketones 
scheme 1 



1 



2 



3 




D 



5 



4 





scheme 2 
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Example 1 (schema 1} 




Boc-lsoleucinal 2 

Oxaiyichloiide (714pl, 8.28mmol) was dissolved 10ml of dry dichlomiethane and 
brought to -78'C. Then DMSO (817|j|, 8.28mniol) was added dropwise. The 
solution was stirred for 20min at -ZS^C. Then 1 (1.00g, 4.6mmof) was added and 
the mixture was stined for 20 min. After that TEA (2.58ml. 18.4mmol) was added 
and the mixture was allowed to reach r.t. The mixture was diluted with 
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hexane/eth^acdtate (2/1 v/v) and 10ml of HCI (10% in water) was added. The 
oiiganic layer was separated and the aqueous phase was extracted wKh 20ml of 
methyienechloride. All organic layers where coliected and whashed with brine, 
followed by water, then dried. 

The product was purified by column chromatography using silica gel and 

heptane/chloroform. 

Yield: O.S2g, 52% 

terMiutyl Af-1-[cyclopentyl(hydroxy)methyq-2-methylbutylcarbamate 3 

2 (0;52g. 2.42mmol) was dissolved in 10ml of dry TI4F and cooled down to CC. 
Then cyclopentylmagnesiumbromkie (1.45ml of a 2M sotufion) where added. After 
completion of the reaction water (2ml) was added and solution was neutralb»d by 
adding aqueous HCI. Then methyienechloride was added and the organic layer was 
separated and dried (NaaSOs*). After evaporation the resulting oil was used wittiout 
lUrther diaracterization. 

toff>butyl JV-[1-(cyclopentylearfoonyl)-2-inetliQflbu^]cari>amate 4 

3 (0.61 g, 2.15mmd) was treated like 1. Qxalylchloride (333pl, 3.87mmol), DMSO 
(382^1, 5.37mmol), TEA (1.2ml, 8.59mmoi) 

Yield: 0.180g, 30% 

1-(^clopentyl-3-methyi-1-oxo-2-pentanamlnlum chloride 5 

4 (0.18g, 0.63mmol) was dissolved in ^1 HCI (7N In dioxane). After completion of 
the reaction tiie solvent was removed and the resulting oil was purified by column 
dvomatography on sHicai get using a chlorofbnm/metiianolAArater gradient. The 
resulting oil was triturated witi) ettier. 

Yield: 0.060g. ^H-NMR: (500MHz. CDCI3). 5 » 0.85-0.90 (m, 1H). 0.9t-a.95 (t. 3H). 
0.98-1.15 (m, iH). 1.09-1.12 (d, 3H), 1.22-1-31 (m. 2H), 1.81-1.90 (m, IN), 1.91- 
1.99 (m, IH). 2.09-2.189 (m, IH). 2.95-3.05 (m, IH), 4.17-4.19 (d. IH). 8.41-8.61 
(br. s 3H), ESI-M8: m/iz » 1 84.2 (M+H) 
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Example 2 (scheme 1) 



CI- +H3N 




For the synthesis procedure refer to example 1, using 
(^ohexyimagnesuimbromidbromlde for step 3 

Yield: O.IOOg, ^H-NMR: (SOOMHz, CDQa), 5 * 0.91-0.95 (t, 3H). 1.15-1.2 (d. 3H). 
1.21-1.29 (m, 3H), 1.33-1.39 (m, 2H). 1.45-1.55 (m, 1H), 1.61-1.69 (m, 2H). 1.72- 
1.81 (m, 2H), 1.95-2.05 (m, 1H), 2.09-2.18 (m, 1H), 2.45-2.55 (m, 1H). 4.2&4.31 (m, 
1H), 8.41-8.61 (br. s 3H), ESI-MS: m/z 1 98.3 (M+H) 

Example 3 (scheme 1) 



For the synthesis procedure refiar to example 1 , using vaiinol for step 1 . 
Yield: 0.130g. ^H-NMR: (500MHz. CDCb). 5 = 0.71-O.80 (m, 4H). 1.31-1.42 (m, 1H). 
1.65-1.70 (d, 6H), 2.19-1.25 (m, 4H), 2.81-2.91 (m, 1H), 4.15^.20 (m, 1H), 8.41- 
8.61 (br. s 3H). ESI-MS: m/z = 170.3 (MtH) 

Example 4 (scheme 1) 



For the synthesis procedure refer to example 1 , using tert- butyl-lie for step 1 . 
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Meld: 0.05g, ^H-NMR: (500MHz, CDO^), 8 = 0.89-0.97 (m, 4H), 1.59-1.61 (s, 9H), 
2.21-2.29 (m, 4H), 2.95-3.01 (m, 1H), 4.454.49 (m, 1H), 8.41-8.61 (br. s 3H), ESI- 
MS:m/z« 184.3 (M+H) 



Example 5 (scheme 1) 



For the synthesis procedure refer to example 1, using N-Boo-toft- bufyi-lsoleudnole 
for step 1 and cyclohexylmagnesiumbromide for step 3. 

Yield: 0.06g, ^H-NMR: (500MHz, CDCI3), 5 = 0.99-1.25 (m, 13H), 1.59-1.82 (m, 5H), 
2.45-2.55 (m, IN). 4.01-4.09 (m, IN), 8.51-8.61 (br. 8 3H), ESi-MS: m/z » 198.3 
(M+H) 

Example 6 (scheme 2) 



For ttie synthesis procedure refer to example 1, using N-Boc-2-hydr6)^ethyl- 
tatraisoquinoline for step 1. 

Yield: 0.95g, ^H-NMR: (500MHz, CDCI3), 5 = 1.21-1.99 (m, 8H). 3.01-3.15 (m, 1H), 
3.^.42 (m, 2H). 4.31-4.45 (m, 2H), 4.61-4.71 (m. 1H) 7.06-7.21 (m, 4H), 9.75- 
9.85 (br.8., 1H). 10.75-10.85 (bs., 1H), ESI-MS: mte = 230.2 (M+H) 



Or 





Example 7 (sdieme 3) 
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Brommethyl-cyclohexylketone 6 

Cydopentancarboxylic add dilorlde 5 (I.OOg, 7.54mmol) was dissolved In 5ml of dry 
eth^ ether and the soluUon was brought to -20'*C. Then didzomethane (37.7inmoi 
in 50ml dry ether) was added dropvt^e. The mbdure was all(»ved to stlrr at •^O'^C 
for i.5h followed by 1.5h at 0*C. After that HBr (33% in aceUc add) (2.01ml. 
11.3mmoi) was addeld and the solution stin«d for 30min at r.t. The solution was 
diluted by adding 50mi of ether and extracted using brine. The organic layer was 
dried and evaporated and the product was used without ftnrtiier characterisation. 

Af-(2-<qfclopentyl-2-oxoethyt)cyclohexanamlnium bromide 7 

6 (1.27g, 6.67mmol) was dissolved in 12ral of acetonitriie/chlorofomie (1/1, v/v) and 
cooled down to 0°C. Then cydohexylamine (762^1. 6.67mmo]) was added dropwise. 
The suspension fomied was stirred for 1h at r.t.. Then the white precipitate formed 
was filtered off. The filtrate was concentrated and ether was added. The. resulting 
white solid was filtered and dried. 
Yield: 0.3g. ESI-I\4S: miz = 210.2 (M+H) 



EspedaHy synthesized compounds of the invention are: 

e>»mple 2: 1 -cyclopentyl-3-methyl-1 -oxo-2-pentanaminium chloride 

example 3: 1-cydopentyi-3-methyl-1-oxo-2-butanamlnium chloride 

example 4: 1 -cydopentyl-3,3-dlmethyi-1 -oxo-2-butanaminium chloride 

example 5: 1-cydohexyi-3,3-dimethyl-1-oxo-2-butanamlnlum diloride 

example 6: 3-(cydopentylcart3onyl>-1.2,3,4-tetrahydrolsoquinoiinium chloride 

example 7: A/-(2-cydopenfyi-2-o}a)ethyl)(^ohexanaminium chloride 
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ENBSmBNEINBETTEN 

From the compounds of the present inventton bidogical efficacy data were 
investigated. The methods are described in the liirther examples. 

Example 8: FCi-determlnation 

In order to measure the Inhibition constant K| a photometric assay was used The 
test compounds were measured as competitors of the standard substrate GP-4- 
Nitroanlilde. Three different substrate concentrations (0.4mM to O.OSmM) were 
combined with 8 different competitor concentrations (0.5 mM to 2 ^M). The reaction 
was started by addition of 3.5 nM DP IV. Experiments were carried out under 
standard conditions: 30*C In pH 7.6 40 mM HEPES (SIgma-AIdrich) buffer. 
NHroarilline produdUon was rnonttored using a HTS 70004> microplate reader 
(PerkinEimer, Oberlingen, Gennany). Th? Krvalues were calculated via non-linear 
regresston using tiie enzyme Idnetic program Qrafit 4.016 (Eritiiacus Ltd, UK). 
For a reversible comp^tive Inhibition is to assumed: 




l^end. [I] inhibitor concentration 



Ki Inhibition constant 



For the compound 1-cyciopentyl-3-mefliyi-1<oxo-2-pentanaminium chloride a i^ 
value of 6.29 * 10® v^s determined. 



Eiounpto 9: Determination of iCsv-Values 
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100 yl inhibitor stocic solution were mixed with 100 pi buffer (HEPES pH7.6) and 20 
|i! dOuted porcine DP IV and preincubated at SC'C. ReacQon was started by addition 
of a mixture of 50 pi substrate (Giy4>ro^A, final concentration 0.4 mM) and 2pl 
APN stock solution. Formation of the product pNA was measured at 405 nm and 
30°C over 10 min using the HTS TOOOPIus plate reader (Peridn Elmer) and slopes 
were calculated. The final inhibitor concentrations ranged between 1 mM and 30 
nlA. For calculation of iC50 GraFIt 4.0.1 3 (Erithacus Software) was used. 

Example 10 

Inhmm Of DPfVAJke Enzymes- D^piidyiPepUdase II (DP U) 

DP li (3.4.14.2) rdeases I^J-terminai dipeptides from oligopepHdes if the N- 
tenninus Is not protonated (McDonald. J.K.. Ellis, S. & ReBly. T.J., 1966, J. fi/o/. 
Cfmrt., 241, 1494-1501). Pro and Ala in Pi-position are prefenred residues. The 
enzyme acMvity is described as DP iV4ike activity, but DP li has an acidic pH- 
optimum. The enzyme used was purified from porcine kidney. 

Assay: 

100 pi inhibitor In an concentration range of 1*10"^ M - 5*10* M were 
admixed with 100 pi pl buffer solution (40 mM HEPES, pH7.6, 0.015% Brij. 1 mM 
DTT), 50 jJi lysylalanylaminomethylcoumarine solution (5 mM) and 20 pi porcine DP 
li (250fbld diluted In buffer solution). Fluorescence measurement was perfbmned at 
SO'C and "Kexdmm ~ 380 nm, A«roi9ston ^ 465 nm for 25 min using a plate reader 
(HTSTOOOpius, Applied Bk)8ystems, Weitenstadt, Gennany). The l^vaiues were 
calculated using Graphit 4.0.15 (Erithacus Software, Ltd., UiQ. 

AttBctIn 

100 pl inhibitor stock solution were mixed with 100 pl buffer (IHEPES pH7.6) and 20 
pi diluted attractin and preincubated at 30**C. Reaction was started by addition of a 
mixture of 50 pl substrate (Gly-Pro-pNA. final concentration 0.4 mM) and 2pi APN 



wo 03/040174 



PCT/EP02/12288 



-37- 

stDck solution. Formation of ttie produ(^ pNA was measured at 405 nm and SO^C 
over 10 mbi using tiie HTS 7000Plus plate reader (Perkin Elmer) £Hid slopes were 
calculated. The final Inhibitor concentrations ranged between 1 mM and 30 nM. For 
calculation of ICso values, GraFIt 4.0.13 (Ertthacus Software) was used. 

E)«iinple 11: Cross Reacting Erases 

The inhft)ltors were tested for ttielr cross reacting potency against dipeptidyl 
peptidase I, prolyi oBgopeptida^ and Prolidase. 

D/pepffdy/ pe/>0c/8se / (DP I, ceithep^ C): 

[P I or catiiepsin C is a lysosomal (^teine protease which deaves off 
dipepttdes from ttie N-temiinus of their subsbatss (Gutman, H.R. & Fruton, J.S., 
1948, J. Biol: Chem., 174, 851-858) . It is classified as a cysteine protease. The 
enzyme used was purchased from Qiagen (Qiagen OmbH, l-iilden, Gemnany). In 
order to get a liiliy. active enzyme, ttie enzyme was diluted lOOOfbId in MES buffer 
pH5.6 (40ml\^ MES, 4mM DTT, 4mM KCI, 2mM EDTA, 0.015% Brij) and pre- 
incubated for 30 min at 30X. 

Assay: 

50 pi solution vi^ the test compounds in a concentration range of 1*10^ M - 
1*10'^ M were admixed with 110 pi tHjffer-enzyme-mixture. The assay mixture was 
pre-incubated at 30 *'C for 15 min. After preincubation, 100 pi histidyiseryi- 
pnitroaniiine (2*10'^l\i9) was added and measurement of yellow color development 
due to p-nitroaniline release was performed at dO'C and XexcRaUon ^ 380 nm, Xembdon 
B 465 nm for 10 min., using a plate reader (lfrS7000 plus, Applied Biosystams, 
Weiterstadt, Germany). 

The iCgo^lues were calculated using Graphit 4.0.15 (Ertthacus Software, 
Ltd., UK). 

Prolidase 0(-Pro dipepHdase) 
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ProHdase (EC 3.4.13.9) was first described by Bergmann & Fruton 
(Bergmahn, M. & Fmton. JS, 1937, J. 6ft)/. Cf/e/n. 189-202). Prolidase releases the 
»-terminai amirx) acid from Xaa-Pro dipeptides arKi has a pH optimum between 6 
and 9. 

Prolidase from porcine kidney (ICN Biomedicals. Eschwege, Gemriany). was 
solved (1mg/ml) in assay buffer (20mM NH4(CH3COO)2, SmM MnCfe. pH 7.6). In 
order to get a fully active enzyme the solution was incubated for 60 min at room 
temperature. 

Assay: 

450 pi solution with the test compounds in an concentration range of 5*1 Or® M 
- SMO*^ M were admixed with 500 Mi buffer solution (20mM Nii|(CH3COO)2. pH 7.6) 
and 250 pi lie-Pro-Oi-l (0.5mli4 in the assay mixture). The assay mixture was prB<- 
incubated at 30 *'C for 5 min. After pre-lncubation, 75 pi Prolidase (1:10 diluted in 
assay buffer) were added and measurement was perfomned at 30"C and X = 220 
rim for 20 min using a UV/Vis photometer, UV1 (Thenrno Spectronic, CamtNldge, 
UK). 

The IC 5(rvaiues were calculated using Graphit 4.0.15 (Erithacus Software, 
Ltd., UK). 

AngtotBnsM converting enzyme (ACE) 

Angiotensin 1-convertlng ^fizyme (ACE; peptldyl-dlpeptidase A) is a zinc 
metailopeptidase which cleaves the C-terminal dipeptlde from angiotensin i to 
produce the potent vasopressor octapeptide angtotsnsln II (SIc^gsLT,, Kahn, J.R. 
& Shumway, N.P. (1956) The preparation and funcUon of the hypertensln-converSng 
enzyme. J. Exp. Med. 103. 295-299.) and inactivates bradyklnin by the sequential 
removal of two C-tenmlnal dipeptides (YangH.Y.T.. ErdOs, E.G. & Levin, Y. (1970) A 
dipeptidyi carix>xypeptldase tfiat oonvwts arigiotensin 1 and inactivates bradyklnin. 
Biochim. biophys. Acta 214, 374^76.). In addition to these two main physiological 
substrates, which are involved in blood pressure regulation and water and salt 
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metaboltem, ACE cleaves C-terminal dipeptideis from various oligopeptides witli a 
free C-terminus. ACE is aiso able to deave a C-terminal dipeptide amide. 

Assay: 

For ICso determination of ACE an en2yme produced by Sigma was used 
(Prod.No. Ar6778). Tlie assay procedure and calculation of activity described by tiie 
manufacturer was adapted to half of the descrftied volumes. 

Tlie ICso-values were calculated using Qrapiiit '4.0.15 (Eritiiacus Software, 
Ltd., UK). 

. Aicyiatnlno add-mtee^ng enzyme (AARE) 

Ac^aminoacyi-peptidase (EC 3.4.19.1) has aiso been referred to by tite 
names a(^lpeptlde hydrolase (GadeW. & Brown, J.L (1978) Purification and partial 
characterization of a-N-ac^peptide hydrolase from bovine liver. J. Biol. Chem. 253, 
5012-5018.; JonesW.M. & Manning, J.M. (1985) A(^ipeptide hydrolase activity from 
erythrocytes. Biochem. Biophys. Res. Commun. 126, 933-940.; KobayashiiC, 
Un, L.-W., Yeadon, J.E., Nldcstein, LB. & Smith, J.A. (1989) Cbning and sequence 
analysis of a rat liver cDNA encoding acylpeptide hydrolase. J. BUA. Chem. 264. 
8892-8899), ac^mlno addHBleasing enzyme (T sunasawaS., Narita, K. & Ogata. tC 
(1975) Purification and properties of acylamino add-reiea^ng enzyme from lat liver. 
J. Biochem. 77, 89-102.; MittaM., Asada, K.. Uchimuia, Y., Kimizuka. F., Kato, I., 
Sakiyama, F. & Tsunasawa, S. (1989) The primaiy structure of porcine liver 
acylamino add-rsieasing enzyme deduced liom d)NA sequences. J. Biochem. 106, 
54&551.) and ac^aminoac^ peptide hydrolase (RadhakrIshnaG. & Wold, F. (1989) 
PurificaQon and characterization of an N-acyiaminoacyi-pepQde hydrolase from 
rabbit muscle. J. Bbi. Chem. 264, 11076-11081.). Acylaminoacyl peptidase 
catalyzes the removal of an N-acylated amino acid from a blocked peptide: Block- 
XaaiXbb-Xcc.... The products of the reactton are the free acyl amino add and a 
peptide with a free iSI-tenfninus shortened by one amino add. The enzyme acts on a 
variety of peptides with different N-terminal ac^ grcxjps, induding acetyl, 
ditoroacetyl. fomnyl and caitamyl (JonesW.M., Scaionl,A., Bossa, F., 
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Popowicz, AM., Schneewind, O. & Manning, J.M. (1991) Genetic relationship 
between acytpeptide iiydroiase and acyiase, two liydroiytic enzymes with similar 
t)inding but different catalytic spedflcities. Proc Nati Acad. Sd. USA 88, 2194- 
2198.). 

Assay: 

100 pi solution wHh the inhibitoi^ in an concentration rarige of 1*10^ M - 
5*10''M were admixed with 100 pi pi buffer soiutton (200 mM Natriumphosphat. piH 
72) and 20 pi AARE solution. The assay mixture was pre-incubated at 30 °C for 15 
min. Alter pre-incubation, 50 pi Acetyl-Met-AMC solution (0.54 mM) was added. 
Release of the AMC was measured at SO^C using a Novovostar flourescence 
microplate reader (BMG) and excitation/emission wavelengths of 380/460 nm. 

The IC so-values were calculated from the slopes of the progress curves 
using Graphit 4.0.15 (Erithacus Software, Ltd.. UiQ. 



Example 12: Determination Of DP IV Inhibiting Activity After Intravasai And 
Oral Administration To Wlstar Rate 

Animals 

Male Wistar rats (Shoe: Wist(Sho)) with a body weight ranging b^een 250 
and 350 g were purchased from Ti^zucht SchOnwalde (Schdnwalde, Germany). 

hhuslng conditions 

Animals were single-caged under conventional conditions w'rth controlled 
temperature (22±2 ^C) on a 12/12 hours light/daric cycle (light on at 06:00 AM). 
Standard pelleted chow (ssnlfP Soest, Gennany) and tap water acidified wltti i^CI 
were allowed ad libitum. 

Catheter insertion into carotlcl artery 
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After ^ne week of adaptation at the housing conditions, catheters were 
implanted into the carotid artery of Wistar rats under general anaesthesia (i.p. 
injection of 0.25 mi/lcg b.w. Rompun^ [2 %]. BayerVitai, Germany and 0.5 mi/lcg b.w. 
i^tamin 10, Atarost GmbiH & Co.. Twistringen, Gennany). The animals were 
allowed to recover for one week. The catheters were flushed witii heparin-saline 
(100 lU/ml) three times per week, in case of catheter dysfunction, a second 
catheter was inserted into the contra-lateral carotid artery of tfie respective rat After 
one week of recovery from surgery, this animal was reintegrated into the study. In 
cose of dysfunction of tiie second catiieter, the animal was wittidrawn from tiie 
study. A new animal was recruited and the experiments were continued in the 
planned sequence, t)eginning at least 7 days after catiieter implantation. 

Experimented design 

Rats with intact catiieter function were administered piaoetx) (1 mi saline, 
0.154 moi/l) or test compoimd via tiie oral and the Intra-vasal (intra-arterial) route. 
After overnight fasting, 100 pi samples of heparinised arterial blood were collected 
at -30, -5, and 0 min. The test substence was dissolved freshly in 1.0 mi saline 
(0.154 mol/l) and was administered at 0 min either orally via a feeding tube (75 mm; 
Fme Science Tools, IHeideiberg, Gemmany) or via the intra-vasai route. In tiie case 
of oral administration, an additional volume of 1 ml saline was injected into the 
arterial catiieter. In the case of intra-arterial administration, the catheter was 
immediately flushed witii 30 pi seline and an additional 1 ml of saline was given 
orally via tiie feeding tube. 

After application of placebo or the test sul>stances, arterial blood samples were 
takein at 2.5, 5, 7.5, 10, 15, 20, 40. 60 and 120 min from the carotid catiieter of tiie 
oonsckaus unrestrained rats. AH blood samples were oollected into ice cooled 
Eppendorf tubes (Eppendorf-Nettieier-Hinz, Hamburg, Germany) filled witii 10 pi 1M 
sodium dtrate buffer (plH 3.0) for plasma DP iV activity measurement Eppendorf 
tubes were oentilfuged immediate (12000 rpm for 2 min, IHettich Zentriftjge EBA 
12, Tuttiingen; Gennany): The plasma fractions were stored on Ice until analysis or 
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were fro2»n at -20 ''C until analysis. All plasnna samples were labelled with ttie 
following data: 

• Code number 

• Animal Number 

• Date of sampling 

• Time of sampling 

Analytical Methods 

The assay mbcture for determination of piaaina DP iV activity consisted of 80 
pi reagent and 20 pi plasma sanq>le. IGnetic measurement of the fbnnafion of the 
yellow product 4-nitroaniiine from ttie substrate giycylproiyi-4-nitroaniline was 
peitafied at 390 nm for 1 min at 30 °C after 2 nrrin prs-inoubation at the same 
temperature. The DP iV activity was expressed in mU/ml. 

Stetf^^foa/meffipcTs 

Statistical evaluations and graphics were performed with PRISM® 3.02 
(GraphPad Software, Inc.). All parameters were analysed in a descriptive manner 
including mean and SD. 

Example 13: The effect of substituted amino ketones on glucose 
tolerance In diabetic Zuckerrats 

Study Design 

ArdimJs 

Ns30 male Zucker rats (fa/fB), mean age 1 1 weeks (5-12 weeks), mean body weight 
350 g (150-400 g), were purchased fipom Charles River (Sulzfeid, Germany). They 
were kept for >12 weeks until all the fatty Zudcer rats had tiie characteristics of 
manifest DIabeteiB meilitus. 

Hou^ng GondHtons 
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Animals were topt sin£^e-housed under conventional conditions with controlled 
temperature (22±2 X) on a 12/12 liours ligiit/dark cyde (light on at 06:00 a.m.). 
Standard pellets (ssnifi*, Soest, Gennany) and tap water acidified vnth IHCI were 
allowed ad libitum. 

Catheterization of carotid artery 

Fatty Zucl»r rats, 17-24 weei(8 old, adapted to the housing conditions, were well 
pr^red for the tests. Catiieters were Implanted into the carotkl arteiy of fiatty 
Zuclcer rats under general anaesthesia (i.p. injection of 0.25 mi/i<g b.w. Rompun* 
%], BayeiVltal, Gemiany and 0.5 ml/i<g b.w. Ketamin 10, AtarostGmbl^ & Co.. 
Twistringen, Gemiany). The animals were allowed to recover for one weelc. The 
catheters were flushed with hieparin-saline (100 lU/ml) tiiree times per week. 
In case of catheter dysfunction, a second catheter was Inserted into the contra- 
lateral carotid artery of the respective rat. After one week of recovery from surgery, 
this animal was reintegrated into the study. In case of dysfunction of the second 
catiieter, the animal was witiidrawn from the study. A new animal was recruited and 
the experiments were continued in ttie planned sequence, t)eginniRg at least 7 days 
after catiieter implantation. 

ExperlmBrttel design 

Fatty Zucker rats witii intact catheter function were given in random order piacetK> (1 
ml saline, 0.154 moi/l; N=9 animals as control), or test substance, solved in 1 ml 
saline (N=6 animals in each test group). 

After ovem^ht fasting, tiie fatty Zudcer FErts were given placebo and test substance, 
respectively, via feeding tube orally (15 G, 75 nun; Rne Science Tools, Heideibeiig, 
Gennany) at -10 min. An oral glucose tolerance test (OGTT) witti 2 g/l^ b.w. 
glucose as a 40 % solution (B. Braun Melsungen, Melsungen, Genrany) was 
implemented at ±0 min. The glucose was administered via a second feeding tube. 
Arterial blood samples from the carotid catheter were collected at -30 min, -15 min, 
±0 min and at 5. 10, 15, 20, 30. 40, 60, 90 and 120 min into 20 pi glass capillaries. 
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which were placed In standard tubes filled with 1 ml solution for hemolysis (blood 
glucose measurement). 

In addition, arterial biood samples were taken at --30 min. at 20, 40 60 and 120 min 
from the carotid caflieter of the conscious unrestrained fatty Zuelzer rats and given 
into ice cooled Eppendorf tubes (Eppendorf-Netheler-Hinz, Hamburg, Qemnany) 
filled with 10 pi sodium citrate buffer (pH 3.0) for plasma DP activity measurement. 
Eppendorf tubes were centrifuged immediately (12000 rpm for 2 min, Hettich 
Zentrifuge EBA 12, Tuttlingen; Gemnany): The plasma fradions were stored on ice 
untii^ analysis. 

Analyb'cal MeOiods 

Btood glucose: Glucose levels were measured using the glucose oxidase procedure 
(Super G GiukosemeftgerSt; Dr. MQIier GerStebau, Freital, Gemiany). 

The compounds of the present invention, tested in the in vivo assay, improved 
significantiy the glucose tolerance after oral administration during an OGTT in 
Zucker rats (see 7.1 ). 
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Patent Claims 

1. Compounds of flie general formula I 

B— (CH-R^)rt-C(=X2)-D (I) 

wherein 
nlsOorl. 

stands for H, C1-C9 branched or straight chain ali<yi. n-butan-2-yi. n-prop-2-yl 
or Isobutyl, Cz-Cs branched or straight chain alkenyl, Cs-Cs cycloall«yl, CyCr 
cydoalkenyl, aryl^- heteroaryl or a side chain of a natural amino add or derivatives 
thereof, 

X* stands for 0,NR®,N*(R^)2. or S, 
B is selected from the IblioMdng groups: 




vi^ere is H or an acyl or oxycaibonyl group including amino adds. 

is H, Ci-C9 branched or straight chain allcyi, CrCs branched or straight 
chain allcenyi, Cs-Cs cydoaHcyi, Cs-Cr cydoalicenyi, aryi, heteroaryl or a side 
chain of a natural amino add or mimetics thereof, or a group of the fonmila - 
(CH)m-NH-C5H3N-Y where m is an integer of 2-4, -CsHslM-Y is a divalent 
pyrMyl moiety and Y is a hydrogen atom, a halogen atom, a nitro group or a 
cyano group, 



wo 03/040174 



PCT/EP02/12288 



-46- 

Z is selected from H. pyridyl or optionally substituted phenyl, optionally 
sut)stituted allcyi groups, alkoxy groups, iialogens, nitro, cyano and carboxy 
groups, 

W is selected from H, pyrld^ or optionally sut)stltuted phenyl, optionally 
substituted alkyi groups, alko)^ groups, halogens, nitro, cyano and carbo)^ 
groups, 

is H or optionally substftuted alkyI, alkoxy or opttonaiiy substituted phenyl, 
and 

is H, or optionally siA)stituted alkyi, 

and are independently H, hydroxy, alkyI, alkoxy, aralko}^, nitro, cyano 
or halogen, 

D is an optionally substituted compound of the formula 




whidi can be saturated, or can have one, two or three double bonds, 
wherein 

X" to X" are independently CH, N, N*(R^), or CR^ If unsaturated, or 

X" to X^^ are independently CH2. NH, NH^(R^), O. or S if saturated, . 

X^* Is CHA, NA, CH2, NH, NH*(R''), or CHR», If saturated or 

X^^ls CA, ISIA*. CH, N, N*(R^), orCR». If unsaturated and 

A Is H or an isostsr of a carbQ}q^ic add, POsR^R^, a tetrazole, an amide, an 

ester or an add anhydrMe, 

R^, r' R^ and R® are independently selected from H, optionally substituted 
C1-C9 branched or straight chain alkyI, or optionally sut>stituted C2-C9 
branched or straight chain alkenyl, or optionally substituted Cs-Cs cydoailQ^, 
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or an optionally substituted CVC7 cydoailcenyi, of an optionally sut)stituted 
arylrasldue. 

2. Compounds according to claim 1 , wherein D has the foiliowing formula: 




wherein the revues are as defined at)ove. 

3. Compounds according to claim 1 , vtrtierein D has the follov\dng formula: 




wherein the residues are as defined above. 

4. Compounds according to daim 1 . wherein D has ttie following formula: 

.11 

vi^erein the reshjues are as d^ned above. 

5. Compounds according to dalm 1 , wherein D has the following formula: 




wherein the residues are as defined above. 
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6. Compounds according to daim 1 , wherein D has the following fomnuia: 




wherein the residues are as defined above. 

7. Compounds according to claim 1 , wherein D has the following fonnula: 

wherein the residues are as defined above. 

8. Compounds acoording to any one of the preceding ciaims, wherein B has the 
foilowing formula: 




wherein the residues are as defined at>ove. 

9* Compounds according to any one of daims 1-7, wherein B has the foliowing 
fonmuia: 




wherein the rssidues are as defined above. 

10. A compound according to claim 1, selected from the group consisting of : 
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1-cyclopenfyl-3-methyl-1-oxo-2-pentanaminium chloride, 
f-^opentyl-3-m6thyl-1-oxo-2-butanamlnium chloride, 
1-cyclopentyl-3,3-diinethyl-1-(»(o-2-butanamlnium chloride. 
1-cydoh«Qfl-3,3-d{m6thyl-1-oxo-2-butanamlnlufn chloride, 
3-(cyclopentylcarix)nyl)-1.2,3,4-tetrahydrol8oqulnollnlum chloride, and 
AA-(2-cyclopen^-2-o)a)ethyl)cyclohexananiinium chloride. 

11. A pharmaceutical composition for parenteral, enteral or oral administFation, 
characterised In that It contains at least one compound according to any one of the 
preceding claims optionally in combination with customary carriers and/or 
e)edpients. 

12. Use of compounds or pharmaceutical oomposKbns according to any one of 
the preceding claims for the preparation of a medicament for the In v/vo inhibition of . 
DP IV and/or DP WAike ensues. 

13. Use of compounds or pharmaceutical compositions according to any one of 
claims 1 to 1 1 for the preparation of a medicament for the treatment of diseases of 
mammals tiiat can be treated by modulation of the DP IV activtfy of a mammal. 

14. Use according to daim 12 or 13 for the treatment of metebolic diseases of 
humans. 

15. Theuse according to claims 12, 13 or 14 tor the treatment cf impaired 
glucose tolerance, glucosuria, hyporiipidaemla, metabolic addosls, diabetes melll- 
tus, diabetic neinnopatiiy or nephropattiy or of sequelae caused by dfeA>etes mellitus, 
neurodegenerative diseases or di8turi}ance of signal action at tiie cells of tiie islets 
of Langeriians and Insulin sensitMfy in ttie peripheral tissue bi tiie postpreufidlal 
phase of mammals. 

16. The use according to daimis 12, 13 or 14 for the treatainent of meteboilsm- 
related hypertension or cardiovascular sequelae caused by hypertension in 
mammals. 



wo 03/040174 



PCT/EP02/12288 



-50- 

17. The use according to claims 12, 13 or 14 for the prophylaxis or treatment of 
skin diseases or diseases of the mucosae, autoinunune diseases or inflammatory 
conditions. 

18. The use aooording to claims 12, 13 or 14 for the treatment of psychosomatic 
neuropsychlatric or depres^e Illnesses, such as anxiety, depression, sleep 
disorders, chronic fatigue, schizophrenia, epilepsy, nutritional disorders, spasm and 
chronic pain. 

1 9. The use according to claims 1 2, 1 3 or14 for the chronic treatment of chronic 
metabolic diseases in humans. 

20. The use according to claims 1 2, 1 3 or 14 for the chronic treatment of 
chronically Impaired glucose tolerance, chronic glucosuria, chronic hyperiipldaemla, 
chronic metatioiic addosis, chronic diabetes meilitlis, chronic diabetic neuropathy or 
nephropathy or of chronic sequelae caused by diabetes meliitus, chronic 
n«jrodegenerative diseases or dironic dlsturtianoe of signal action at the cells of 
the islets of Langerhans or chronic insulin sensitlvify In the peripheral tissue in the 
postprandial phase of mammals. 

21 . The use according to claims 12. 13 or 14 for the chronic treatment of 
metabolism-related hypertension or of dironic cardiovascular sequelae caused by 
chronic hypertension in mammals. 

22. The use according to daims 12, 13 or 14 for the chronic treatment of chronic 
psychosomatic, chronic neuropsychlatric or depressive illnesses, such as chronic 
anxiety, chronic depression, chronic steep disorders, chronic ^tigue, chronic 
schizophrenia, chronic epilepsy, chronic nutritional disorders, spasm and chronic 
pain. 
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1. n Claims Nos.: 

— t>ecause they relate to subject matter not required to he searched bf this Authority, namely: 



2. H aaims Nos.: 

because they relate to parts of the International AppScatlon that do not comply with the presciflMd requirements to such 
an extent that no meaningful Intamattonal Search can be canried out, spedfically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. rn ClafmsNos.: 

— because they are dependent dafms and are not drafted in accordance with the second and third sentences of RUIe 6.4(a). 

Box II Observations where unity of Invention is lacldng (Continuation ofltem 2 of first sheet) 
This imemational Searching Authortty found multiple inventions in this International appIicaMon, as follows: 

see additional sheet 



1 . rri As ail required additional search fees were timely paid by the applicant, this tntemational Search Report covers all 
searchable datms. 

2* LJ ^ ^' searchable claims could be searched without efiort justifying an additional fee» this Authority did not Invite payment 
ofanyaddRIonalfee. 



3. I I As only some of the required additional search fees were tinrtely paid by the applicant, this International Search Report 
' — * covers only tinose claims tor which fees were paid, specificaliy claims Nos.: 



4* rn No required additional search tees were timely paid by the applicant Consequentty, this International Search Report Is 
restricted to ttie invention first mentioned in the claims; ft Is covered fay claims Nos.: 
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[Y] No protest accompanied the payment of additional search fee&. 
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This International Searching Authority found multiple (groups of) 
Inventions In this International application, as follows: 

1. Claims: 1-7, 10-22 (all partially) 

Compounds of the general formula B-(CHRl)n— C(=X2)-D with B 
= X5R5N- 

Z. Claims: W, 11-22 (all partially) 

Compounds of the general formula B-(CHRl)n--C(=X2)-D with B 
= MZC=N- 

3. Claims: 1-7, 11-22 (all partially) 

Compounds of the general formula B-(CHRl)n~C(=X2)-D with B 
« W(C0)CH<Z1-N(R5)~ 

4. Claims: 1-8, 11-22 (all partially) 

Compounds of the general formula B-(CHRl)n—C(sX2)-D with B 
= Tetrahydro1so1ndol-6-yl 

5. Claims: 1-6,9,11-22 (all partially) 

Compounds of the general formula B-(CHRl)n— C(=X2)-D with B 
» Decahydroisoindolyl 
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Present claim 1 relates to an extremely large number of possible 
compounds. Support within the meaning of Article 6 PCT and/or disclosure 
within the meaning of Article 5 PCT is to be found, however, for only a 
very small proportion of the compounds. In the present case, the claims 
so lack support, and the application so lacks disclosure, that a 
meaningful search over the whole of the claimed scope Is Impossible. 
Consequently, the search has been carried out for those parts of the 
claims which appear to be supported and disclosed, namely those parts of 
Invention 1 relating to the compounds being exemplified and closely 
related homologous compounds. Inventions 2-5 have been searched 
completely. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions In respect of which no International 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PCT). The applicant 
Is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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